Background: BCR-ABL-negative myeloproliferative neoplasms (MPNs) represent a heterogeneous group of diseases, including essential thrombocythemia (ET), polycythemia vera (PV), and myelofibrosis (MF). Psychological manifestations among these diseases have not been adequately described. Methods: Cross-sectional surveys measuring distress, anxiety, and depression were collected from patients with BCR-ABL-negative MPNs from May 2015 to October 2015. Participants provided demographic information and completed the Distress Thermometer and Problem List (DT&PL) to assess distress and the Hospital Anxiety and Depression Scale (HADS) to assess distress, anxiety, and depression. They provided information on how their MPN affected their lives. Results: Of the 117 participants, 31.2% had PV, 28.4% had ET, 28.4% had MF, and 11.9% had another type of MPN. Time with MPN varied from less than 1 year (7.5%), 1 to 3 years (19.8%), 3 to 5 years (23.6%), 5 to 10 years (19.8%), and more than 10 years (29.2%). Distress averaged 3.14 (SD, 2.83; DT&PL), with 40.4% meeting NCCN criteria for distress, and averaged 8.97 (SD, 7.44; HADS), with 38.5% meeting HADS criteria for distress. Anxiety averaged 5.54 (SD, 4.37), with 31.3% meeting HADS criteria for anxiety. Depression averaged 3.4 (SD, 3.4), with 12.5% meeting HADS criteria for depression. Distress was higher for PV (3.86), MF (3.12), and "other" MPN (4.33) than it was for ET (1.81; P=.016). Distress was more common in non-white patients (P=.015) and those with either PV or MF but not ET (DT&PL ≥4; P=.038). Patients' comments described coping strategies or symptom burden. Conclusions: Distress and anxiety are highly prevalent with BCR-ABL-negative MPNs and may correspond to disease-related symptom burden. These findings deserve further study.
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Background
The prevalence of distress, anxiety, and depressive symptoms has not been assessed by standard measures in patients with BCR-ABL-negative myeloproliferative neoplasms (MPNs). This is perhaps surprising given the large symptom burden that is frequently encountered in patients with MPNs over the course of many years. In many malignancies and advanced cancers, symptom burden tends to correlate with the prevalence of distress, anxiety, and depression. 1, 2 In fact, the severity of MPN symptom burden may be equal to or greater than that of patients with metastatic cancer or acute myeloid leukemia (AML), in which the prevalence of psychological consequences of cancers has been well studied. 3, 4 In 2007, the first comprehensive assessment of MPNrelated symptom burden was captured using the Brief Fatigue Inventory (BFI) and the Functional Assessment of Cancer Therapy-Anemia (FACT-An). The most common symptoms were significant fatigue (81%), pruritus (53%), night sweats (49%), bone pain (43%), fevers (13%), weight loss (10%), and splenic pain (4%). MPN-associated symptom burden and inability to per-form activities of daily living (ADLs) were associated with worsening cytopenias and splenomegaly. 5 However, distress, anxiety, and depression were not analyzed directly using validated tools.
Patients with BCR-ABL-negative MPNs display clinically significant symptom burdens that are similar in severity to the experience of patients with metastatic cancer or AML, but with a much longer period of overall survival. 6 In addition, their symptom profiles correspond to elevated inflammatory biomarkers, such as tumor necrosis factor (TNF)-α, interleukin (IL)-6, and IL-2 and its soluble receptor. 7 Many of these same proinflammatory cytokines are also elevated in the setting of depression and contribute to the cytokine hypothesis of depression that has been proposed based on "sickness behavior" models that can be induced with the administration of interferon-α therapy. [8] [9] [10] [11] Psychological symptoms associated with MPNs have not been characterized according to their elevations in inflammatory biomarkers and could potentially contribute to additional knowledge concerning the cytokine hypothesis and the underlying biological bases of depression and other psychological states.
The BCR-ABL-negative MPNs represent a heterogeneous group of 3 primary diseases: essential thrombocythemia (ET), polycythemia vera (PV), and myelofibrosis (MF). 12 Phenotypically, they are characterized by hematopoietic progenitor cell dysplasia and deregulation based on molecular findings (eg, JAK2, CAL-R mutations). 13 Both PV and ET display distinct patterns of clonal proliferation of myeloid and erythroid cells, which may evolve into MF. Although they all carry a risk of transformation to leukemia, their symptom profiles and disease trajectories vary considerably. Some of their symptom profiles have acquired notoriety based on their pathognomonic features, such as erythromelalgia and aquagenic pruritus. Thus, MPNs constitute a spectrum of considerable and unique symptoms that patients live with for many years.
Despite their well-known and significant symptom burden, the psychological manifestations of MPNs and their characteristic associations have yet to be adequately described. Rates of psychological distress have been obtained for most oncologic and hematologic malignancies, but none of the large crosssectional studies of distress prevalence have included MPNs. 3 In general, symptom burden in cancer tends to worsen quality of life (QoL), challenges patients' coping skills, and is associated with distress, anxiety, and depression. 14 For instance, advanced cancer is almost consistently associated with the psychological consequence of distress/anxiety/depression that is frequently attributed to symptom burden, and not simply knowledge of unfavorable prognosis. 15 Also, treatments such as interferon, for example, carry a significant association with the development of depression and adverse psychological states, and are routinely used in patients with MPNs. Psychological manifestations of cancer portend worse outcomes in most malignancies but can be treated adequately when recognized in most cases. 16 Managing the psychiatric and psychological manifestations of cancer is increasingly important for meeting patient care standards. For instance, screening for distress is now mandated by the American Academy of Surgeons' Commission on Cancer to meet cancer center accreditation standards, which should include patients with MPNs. 17 Although NCCN has endorsed the Distress Thermometer and Problem List (DT&PL) as an appropriate screening tool, 18 there is not an accepted gold standard tool for distress screening. A 2-step screening with the DT&PL and another measure has also been advocated for greater information. 19, 20 The Hospital Anxiety Depression Scale (HADS) is a useful and appropriate tool in patients with chronic illness because it does not use physical symptoms as part of the criteria to screen for anxiety and depression that may otherwise be elevated due to physical illness. 21 Given the important need to understand the prevalence of distress, anxiety, and depressive symptoms in all cancer subtypes, including MPNs, before instituting distress screening, we have collected baseline distress, anxiety, and depressive symptom data and analyzed their associations with standard disease-specific demographic variables (eg, age, sex, race, length of time with disease) and social/psychological-functioning variables (eg, partnered, working, taking antidepressant medication).
Methods and Materials
The Mount Sinai Hospital Institutional Review Board approved this study in July 2014. Surveys were collected from participants from May 2015 to October 2015.
Participants
Men and women with documented MPNs were screened based on inclusion criteria consisting of a confirmed tissue diagnosis of an MPN as identified by the treating physician. Patients selected their disease designation as ET, PV, MF, or other. Exclusion criteria consisted of another cancer diagnosis as identified by the patient. Recruitment occurred over 4 months in a dedicated MPN clinic. New and established patients were recruited to participate in the survey.
Procedure
Patients were asked to participate by either a clinic receptionist or treating staff (ie, nurse practitioner, hematologist). They were told that the survey was anonymous, was part of a research initiative, and that it did not relate to their ongoing care. Available psychological services were listed in the survey and patients were asked to discuss any concerns with clinic staff and, in particular, to tell a staff member if they felt significantly depressed or had suicidal ideation. A board-certified psychiatrist oversaw the study and was available for consultation. Participants completed surveys while waiting in the clinic office space before or after their appointments and returned them directly to clinic staff.
Measures
Patients were asked to provide demographic information, including age, sex, marital and working status, disease type (ET, PV, MF, other), length of time with disease (<1 year, 1-3 years, 3-5 years, 5-10 years, >10 years), and whether they were currently taking an antidepressant medication. In addition, patients completed the DT&PL and HADS, and were also asked to provide any additional information or individual comments about coping with an MPN and its effect on patients' lives.
The DT&PL is suggested by NCCN to screen for distress. 18 It has been used widely by cancer institutions to meet the Commission on Cancer distressscreening mandate for accreditation in 2015. 22, 23 The DT&PL is a one-item measure of distress and a Problem List comprising questions relating to Practical, Family, Emotional, Spiritual, and Physical issues. The Distress Thermometer part of the DT&PL has a range of scores from 0 to 10, and a cutoff score of 4 or more has been accepted by NCCN as indicating a positive screen for distress. The Problem List part of the DT&PL is meant to accompany the Distress Thermometer but is not a screening tool; it consists of questions with yes/no response options to help identify key areas of concern.
The HADS is a 14-question psychometric measure that was developed to identify "caseness" (possible and probable cases) of anxiety and depressive disorders among patients in hospital clinics. 24 Physical symptoms are excluded. The HADS is divided into an anxiety subscale (HADS-A) and a depression subscale (HADS-D). Responses are scored 0 to 3 points, such that each individual HADS (ie, HADS-A and HADS-D) may garner between 0 and 21 points. Multiple cutoffs have been identified, but a cutoff of 11 (total) or 8 (on each subscale) is most commonly used to identify caseness of both depression and anxiety, with a sensitivity and specificity of 0.80 on average.
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Statistical Analysis
The primary outcomes of this study were the clinical associations with distress (eg, DT&PL and HADS), anxiety (eg, HADS-A), and depression (eg, HADS-D) among patients with MPNs. Specifically, rates of meeting distress screening, anxiety, and depression criteria were compared by patient characteristics (age, race, sex, disease type, time with disease, married, working, and if taking an antidepressant). Also, prevalence of distress (eg, DT&PL) and DT&PL problem list areas (practical/family/emotional/physical), anxiety (eg, HADS-A), and depression (eg, HADS-D), and clinical characteristics (eg, time with disease, working, married) were compared across disease MPN groups (eg, ET, PV, MF, and other). Chisquare tests were used to assess the bivariate associations between preferences and categorical variables. Independent t tests were used to assess the bivariate associations between continuous explanatory and outcome variables. Statistical procedures were performed using SPSS version 22.0 (IBM Corp., Armonk, NY) and statistical tests were 2-tailed with a 5% significance level.
Results
Of the 117 participants that completed the survey (78% response rate), 69 were women (60.5%) and 45 were men (39.5%). The average age was 57.7 years (SD, 14.8), 65.2% were married, and 55.8% were working. A total of 109 participants indicated their MPN type: 34 (31.2%) had PV; 31 (28.4%) had ET; 31 (28.4%) had MF; and 13 (11.9%) had another type of MPN. Most members in the sample were white (n=86; 81.1%) followed by Latino (n=11; 10.1%), black (n=8; 7.3%), Asian (n=3; 2.8%), and other (n=5; 4.6%). Given the smaller numbers, nonwhite race/ethnicity was aggregated (n=27; 24.8%). The length of time with disease was more heavily represented by patients with chronic disease as follows: less than 1 year (n=8; 7.5%), 1 to 3 years (n=21; 19.8%), 3 to 5 years (n=25; 23.6%), 5 to 10 years (n=21; 19.8%), and more than 10 years (n=31; 29.2%). There was not a significant difference between chronicity of disease (length of time with disease) and disease type (Table 1 ). In total, 18 participants (15.4%) were taking an antidepressant.
The average distress as measured by the DT&PL was 3.14 (2.83), with 40.4% meeting NCCN-designated distress screening criteria. HADS screening (ie, for distress) averaged 8.97 (7.44), with 38.5% meeting the HADS screening criteria of a score of 11 or more. Anxiety-specific screening (eg, HADS-A) averaged 5.54 (4.37), with 31.3% meeting screening criteria (eg, HADS-A ≥8). Depressionspecific screening criteria (eg, HADS-D) averaged 3.4 (3.4), with 12.5% meeting screening criteria (eg, HADS-D ≥8).
Correlation strengths between distress (DT&PL), individual Problem List components (eg, Practical, Family, Emotional, Spiritual, Physical), distress (HADS), anxiety (HADS-A), and depression (HADS-D) were all statistically significant. Pearson coefficient scores greater than 0.6 (ie, approaching colinearity) were noted between anxiety (HADS-A) and distress (HADS) (P=.833); anxiety (HADS-A) and Emotional (r=.726); depression (HADS-D) and Physical (r=.652); distress (HADS) and Emotional (r=.644); Family and Practical (r=.619); and depression (HADS-D) and anxiety (HADS-A) (r=.608).
General distress screening criteria (DT&PL ≥4, HADS ≥11) were more commonly met in nonwhite patients (P=.045 and P=.015 for DT&PL ≥4 and HADS ≥11, respectively) and those with either PV or MF but not ET (DT&PL ≥4; P=.038) ( Table 1) . Otherwise, there was no association between age, gender, marriage or working status, or length of time with disease and meeting distress/anxiety/depression screening criteria. Patients taking antidepressants were associated with meeting distress screening criteria (DT&PL ≥4) (P=.02) but were not associated with meeting anxiety (HADS-A ≥8) or depression (HADS-D ≥8) screening criteria.
The average distress (ie, DT&PL) was higher for PV (3.86), MF (3.12), and other MPN (4.33) than it was for ET (1.81; P=.016) ( Table 2 ). However, there were no other significant differences by disease group for distress (ie, HADS), anxiety (HADS-A), or depression (HADS-D). There was no association between disease type and marriage or working status or taking antidepressants ( Table 2) . Table 3 displays an estimate of symptom burden using the Problem List from the DT&PL and its relationship to distress, anxiety, or depression outcomes.
Multivariate analysis found that Emotional issues (ie, on the DT&PL Problem List) predicted for elevated distress (DT&PL), anxiety (HADS-A), and depression (HADS-D), whereas Spiritual and Physical issues predicted for depression (HADS-D)
. Outcomes were controlled by age.
Patients' comments fit into 2 distinct categories that described either coping or symptom burden. A total of 26 comments were provided by patients and are listed in supplemental eAppendix 1 (available with this article at JNCCN.org). Patients described either feeling well without symptoms, focusing on a positive aspect of their condition, or they expressed the burden of the disease with the multiple losses that they may have encountered as a result of the MPN.
Discussion
Patients with BCR-ABL-negative MPNs experience clinically relevant levels of distress, anxiety, and depression that require psychological attention. Rates of distress and anxiety were particularly elevated, which is concerning given the relatively lengthy amount of time that patients live with MPNs. Although QoL and symptom burden experiences are well documented for patients with BCR-ABL-negative MPNs, rates of meeting distress, anxiety, and depression criteria have not yet been documented. This study demonstrates the importance of addressing the psychological manifestations (ie, distress, anxiety, and depression) of BCR-ABL-negative MPNs, which are similar to the rates seen in other advanced malignancies (eg, breast or lung cancer) but have not garnered the same amount of diagnostic or therapeutic attention.
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The NCCN-recommended distress cutoff (DT&PL ≥4) had discriminative ability to detect distress variation based on race/ethnicity, disease type (eg, lower distress with ET), or taking an antidepressant (eg, higher distress if taking an antidepressant). This may mean that patients with these chronic disease states harbor continued distress for many years and those at greater risk (eg, already on an antidepressant) might be identified through risk factors. Symptom burden may play an etiologic role in the development of psychological symptoms (eg, distress, anxiety, depression) in patients with BCR-ABL-negative MPNs. The MPNs that typically have greater symptom burden (ie, PV and MF) were associated with greater distress levels than those with less symptom burden (ie, ET). Additionally, symptom burden, as indicated by the Problem List variables (ie, from the DT&PL), found that Emotional, Spiritual, and Physical issues predicted for depression, whereas Emotional issues also predicted for distress and anxiety. This association may also correspond to the unique molecular or inflammatory profiles (eg, cytokines) that are seen in patients with MPNs and are associated with greater symptom burden. 28 JAK inhibition with drugs such as ruxolitinib reduce symptom burden (eg, fatigue, splenomegaly) and proinflammatory cytokine biomarkers. Psychological effects of JAK inhibition have not been measured previously and deserve investigative attention. Results could be correlated with biological inflammatory markers.
Further, overall distress (eg, meeting distress screening criteria) was higher for nonwhite patients, which is consistent with long-standing health inequities for minority populations faced with a chronic illness. 29 Stigma and other barriers to mental health care among ethnic minorities may account for this difference. Also, disproportionate rates of symptom burden or communication concordance differences may account for this difference. 30 Limitations to this study include its exploratory, cross-sectional nature with limited numbers of patients in each group and a lack of specific descriptions for the "other" group. Although the scales are validated tools, a gold-standard test or clinical interview to assess distress/anxiety/depression was not performed. Therefore, these results are approximations that are exploratory and require further study before definitive conclusions can be drawn. The associations should be further assessed. Another limitation is the use of aggregated demographic data with a small number of nonwhite participants. Additionally, only 13 participants represented the "Other MPN" group, and data regarding their disease type was not collected. Participants in the "Other MPN" group may have been distressed by not having a standard MPN type or had greater symptom burden (eg, pruritus). Also, a validated QoL tool to assess symptom burden would have enriched the association data and should be considered in a future study design due to the high symptom burden in MPNs. Given that the HADS was originally validated in primary care patients, the cutoff points for screening with patients with cancer may be too high.
Conclusions
This study provides cross-sectional prevalence data for distress, anxiety, and depression levels among patients with BCR-ABL-negative MPNs. Psychological data in this area have been lacking historically. These baseline data could be interpreted as baseline rates of distress, anxiety, and depression that may be seen in the context of mandated institutional distress screening. There is a need for greater attention to the psychological symptoms associated with BCR-ABL-negative MPNs, especially given the length of time with the disease. The potential link between symptom burden (eg, MPN-specific symptoms and complications), inflammatory markers, QoL, and meeting distress/anxiety/depression screening criteria in patients with MPNs should be explored further.
